Cell contact accelerates replicative senescence of human mesenchymal stem cells independent of telomere shortening and p53 activation: roles of Ras and oxidative stress.
Mesenchymal stem cells (MSCs) are of great therapeutic potentials due to their multilineage differentiation capabilities. Before transplantation, in vitro culture expansion of MSCs is necessary to get desired cell number. We observed that cell contact accelerated replicative senescence during such process. To confirm the finding as well as to investigate the underlying mechanisms, we cultured both human bone marrow- and umbilical cord blood-derived MSCs under noncontact culture (subculture performed at 60-70% of confluence), or contact culture (cell passage performed at 100% of confluence). It was found that MSCs reached cellular senescence earlier in contact culture, and the doubling time was significantly prolonged. Marked increase of senescence-associated β-galactosidase-positive staining was also observed as a result of cell contact. Cell cycle analysis revealed increased frequency of cell cycle arrest after contact culture. It was noted, however, that the telomere length was not altered during contact-induced acceleration of senescence. Moreover, cell cycle checkpoint regulator P53 expression was not affected by cell contact. Marked increase in intracellular reactive oxygen species (ROS) and a concomitant decrease in the activities of antioxidative enzymes were also observed during contact-induced senescence. Importantly, increased p16(INK4a) following Ras upregulation was found after contact culture. Taken together, cell contact induced accelerated senescence of MSCs, which is telomere shortening and p53 independent. ROS accumulation due to defective ROS clearance function together with Ras and p16(INK4a) upregulation play an important role in contact-induced senescence of MSCs. Overconfluence should therefore be avoided during in vitro culture expansion of MSCs in order to maintain their qualities for clinical application purposes. The contact-induced senescence model reported in this study will serve as a useful model system that allows further study of the molecular mechanisms of senescence in MSCs.